12 United States Patent

Mojumder et al.

US009806083B2

US 9.806,083 B2
Oct. 31, 2017

(10) Patent No.:
45) Date of Patent:

(54) STATIC RANDOM ACCESS MEMORY
(SRAM) BIT CELLS WITH WORDLINES ON

11/418 (2013.01); HOIL 21/768 (2013.01);
HOIL 23/528 (2013.01); HOIL 27/0207

SEPARATE METAL LAYERS FOR (2013.01);
INCREASED PERFORMANCE, AND (Continued)
RELATED METHODS (58) Field of Classification Search
None
(71) Applicant: QUALCOMM Incorporated, San See application file for complete search history.
Diego, CA (US) (56) References Cited
(72) Inventors: N?ladri Narayan Mojumder, San US. PATENT DOCUMENTS
Diego, CA (US); Stanley Seungchul
Song, San Diego, CA (US); Zhongze 6,262,932 Bl  7/2001 Nguyen
6,347,002 B2 2/2002 Nu et al.

Wang, San Diego, CA (US); Kern
Rim, San Diego, CA (US); Choh Fei
Yeap, San Diego, CA (US)

(Continued)

OTHER PUBLICATIONS
(73) Assignee: QUALCOMM Incorporated, San

Diego, CA (US) International Search Report and Written Opinion for PCT/US2015/

060912, dated Feb. 23, 2016, 11 pages.

(*) Notice:  Subject to any disclaimer, the term of this (Continued)
patent 1s extended or adjusted under 35 Primary Examiner — Hoang-Quan Ho
U.S.C. 154(b) by 81 days. (74) Attorney, Agent, or Firm — W&T/Qualcomm
(21) Appl. No.: 14/559,205 (57) ABSTRACT
Static random access memory (SRAM) bit cells with word-
(22)  Filed: Dec. 3, 2014 lines on separate metal layers for increased performance are
_ o disclosed. In one aspect, an SRAM bit cell 1s disclosed
(65) Prior Publication Data employing a write wordline in a second metal layer, a first
US 2016/0163713 A1 Jun. 9, 2016 read wordline 1n a third metal layer, and a second read
wordline 1n a fourth metal layer. Employing wordlines in
(51) Int. CL. separate metal layers allows wordlines to have increased
HOIL 27/11 (2006.01) widths, which decrease wordline resistance, decrease access
HOIL 23/528 (2006.01) time, and increase pertformance of the SRAM bit cell. To
G11C 5/06 (2006.01) employ wordlines in separate metal layers, multiple tracks 1n
G11C 8/14 (2006.01) a first metal layer are employed. To couple read wordlines to
G11C 11/412 (2006.01) the tracks to communicate with SRAM bit cell transistors,
(Continued) landing pads are disposed on corresponding tracks disposed
(52) U.S. CL in the first metal layer. Landing pads corresponding to the
CPC HOIL 27/11 (2013.01); GIIC 5/063 write wordline are placed on corresponding tracks disposed

(2013.01); GIIC 8/14 (2013.01); G1IC 8/16 ' the lirst metal layer.

(2013.01); G1IC 11/412 (2013.01); G1IC 28 Claims, 10 Drawing Sheets

Ve 300(1)
e 306
| (Via 5
(M)
| Via 4)
o 304
| Via 3)
(M3)
| Via 2
e 302
| - 312,314, 316
e - 308(1)-308(12)




US 9,806,083 B2

Page 2
(51) Int. CL 2006/0118958 Al1l* 6/2006 Yang ...........ceeeeeennn, HO1L 27/11
HOIL 21/768 (2006.01) | 257/758
G11C 816 (2006.01) 2011/0317485 Al1* 12/2011 Liaw ......cooooeevvnninnnn, HO1L 27/11
o 365/182
GLIC 11415 (2006'0j") 2013/0154027 Al 6/2013 Liaw
HOIL 27/02 (2006.01) 2014/0273474 A1*  9/2014 WOO ..ovvovvveeennenn, HO1L 27/0207
(52) U.S. CL 438/703
CPC .. HOIL 27/1104 (2013.01); HOIL 2924/0002 2015/0145139 Al1* 5/2015 Hsu ......coooeevvnnne.., HO1L 23/5226
(2013.01) 2577774
2015/0200095 Al1* 7/2015 Huang ................ HO1L 21/0338
257/390
(56) References Cited 2015/0357279 Al* 12/2015 Fujiwara ............. GO6F 17/5077
257/499
U.S. PATENT DOCUMENTS 2016/0163714 Al 6/2016 Mojumder et al.
6,469,328 B2 10/2002 Yanai et al. OTHER PURIICATIONS
7,038,926 B2 5/2006 Jeong et al.
7,525,808 B2 4/2009 Liaw Gopi, Srikanth, “Design of 32-Bit 32-Word 10-Read/Write Port
g*z;g’ggg E% N 1??38}2 hl;:ll et al. HO L. 93/5776 Register File,” Thesis 1n partial fulfillment of the requirements for
2002/0071324 A 6/2002 Kitsukawa ot al the Degree of Master of Science, Oklahoma State University School
2004/0156728 Al /2004 Becker | of FElectrical and Computer Engineering, May 2006, 88 pages.
2005/0047254 Al 3/2005 Venkatraman et al. International Preliminary Report on Patentability for PCT/US2015/
2005/0083765 Al*  4/2005 Jeong ........cccc...... G11C 8/16 080912, dated Jun. 15, 2017, 8 pages.
365/230.05
2005/0124095 Al 6/2005 Liaw * cited by examiner



U.S. Patent Oct. 31, 2017 Sheet 1 of 10 US 9.806.083 B2

T *TTTTTT™TTTTTTTTTTTTTTTTTTTTTTTTTT " TTTTTTTTTTTTTTTTTTTTTTTTTTTOTOTTTTTT™TTT

104

1
4
4
1

T T T T

4 4 4 4 4 4 4 4 4 4 44 4444444

4 4 4 4 4 4 4 4

T T T TTTTTTTTTTTTTTT

100

-

T
-
-
T
-
-
T
- r

LI -

o T T
-
-
-
-
-
T
-
-

u :

-
T
-
-
T
-
-
T
-

T -

- T -

T T T
-
-
T
-
-
T
-
-

T T T TTTTTTTTTTTTT T T

4 4 4 4 4 4 4 4

4 4 4 4 4 4 1 4 4 - 1

102

rTTTTTTTT

4 4 4 4 4 4 4 4 4 4 4 44

1

4 4 4 4 4

1



U.S. Patent

200

Oct. 31, 2017

202(2)

204

210

““ﬂ““ﬂ“ﬂ““ﬂ“ﬂ[

F’l

pipiael  phplgply.  bpbplp phpbphk | bpbply phplpl | obphpls.  plply el Sk

“ﬂﬂ_““jﬂ“““#”#h

Sheet 2 of 10

\ﬂ o h}: ih‘fi
SN R
NN VRS S

Mwmuwmwum*m
mmmmmnmu
RN IS .
5musm NN s
0 RSN Ilmﬁiu
O FERSSE L ESSEH
RS RS
RN RSN LN .
mmmns%ﬁmmgumum
YRS L
N
LRGSR s ﬁ%ﬁﬁ
Ih\\!l!l.laN
005 35 NN O G O N

...... I SRR I DR T N U N N e

SR S SN R i nmmm*mﬁ

l“ I-II BN
SN 1 EEIRT
DN S N Y BRGNS

S o O S OO M Y
S 1N 00 O O A

""I. R ¢
NS R
E RN N |

E.‘:llﬁh\ %:ll‘ﬂ
RS R -
m..\ﬁ NS
M‘K\Elmﬂi‘“}ll!ﬁ‘m

STRN N TN A ST S A N
FPnsss Ok W AR HMHEIM‘M

S0k T W I = N
IR, 1 Do S I SRR S 5 NN

s R llmmk\
m B S

EH RGEOR H“HH“H#-%“ HE
B NNNSD - DN DDD DI DN JODDDDNE 2 N N

ﬂﬁ‘%‘@{ Eﬁﬂiﬂﬂﬂ}!ﬂﬂ
~HhT TN
B NSS IS i
PSSO e T

pentiee s N BN % B S

o e el NN L R

HE0% B R 1 O RS B DN ¥ I 8 B
T B R S AN N NN . e
l-|u§.\II'\\“l-l

EEREN S BN S EES

B B NN YT
mmmiw mmm.ﬂlmmm

N B | N “%I--

NI% | ﬁ'ﬁl- E‘ﬁ:t

& %EHN

_ Mﬂh OENTN N D UG b DN OO X0
HRREEIN B 0§ NN SRS B RN
ST TR L IR RN R Y

N m \r

Bgligliy

gy Tyt Apiply  pipiyt iyl iyl e iy ey e Y e i e

202(4)

US 9,806,083 B2

FIG. 2



£ Ol4

US 9,806,083 B2

0L€

(Z1)80¢-{1)80¢ ~
— 918 ‘PLE ‘ZLE
-~
& | .
er AS: e
2
i
7).
I~
= pOE —
g |
~
o
>
S

908

{1)00% \

U.S. Patent



U.S. Patent Oct. 31, 2017 Sheet 4 of 10 US 9,806,083 B2

400
300

R
L ey

. -
%. T g
]"'-.” N %

-

r
L TR

L L A F
} LY

o
' }1|. J‘
S

LR

‘r u o

N -

gL ot
a

(¥2)80¢
3}8{35 P o N

P R I S = r o or o - o

R D A |
4d v a3 L &L oJd

(Z2)g0s — "t

% _ ,

*.T.'.. La L] 1 iy recenm avqrarieg’ Ty 1 FEE ara gyt pipar
= ¥ LK} X AL RLEL LI NENE IN) ¥ L -k = HLAFAF
- FFRFRY cy 1 L) LI ]

A LRELEY

! 1
‘ll.ll-lﬁl

LT
_-"f-.-'l‘::lll 4
A

W
LT X
)

(Z)eov

LRI ¥
| SR > At
P A I R
L LI R C 4
O L

FENE TETI T
L [
e e [
o -

110808 — &

7.

T
H HE

0 g%g e s  ICR
i i,
R

L |

b

d S8 d A4 T RIFIFIP ] Y N o L 'll F _:‘ ‘””'l”
A=A T4 T 4. LI
LLRER L] XN 4 ] FEW R YN
IEEELR] " ny ko A, LR EL B
WL P ha o vl e '-I.Il‘ilr‘_ilf‘-l
‘i..;aJ-;';‘ﬂi:I FI. I.‘ -r‘-lll- 1 L L ] JdF¥luld |
i e .
u a Lam a
£ T
L
Lp 839 "
JF
r—— — Ay ¥
! 4 = o4 ovop won s ap af
L -, . | = - 1 - 0
1 1 LI N | = r1 r L A
it LI B ] * b ok b &N
F = F = F 4 e oroe o
: E EUEEE TIEEEE DA L] LI
1 & o L |
g o= o = o wlR LI U TR
EEE) T 4 r 7]
f - [ H _ T T "1
" J F I & F A & Jd F I F A
[ L T e e
. T r F m r " oE T T
L - I B - L PR
s =
( E; QE v oro1orow [ L AL |
_ [ | EL K] L] ’
L e g e L R T
FT® F s r o FeTrFr or .
& wd YA
ri "!_.;I' ) I!I||I-l|'|-l|.l'-r L |
i i ¥ dan 1411
L ¥] IEXI-FEFREFY] -'l
ar 1EmanxdT [

rrl I" Farasar
i ,u.u..;!




U.S. Patent Oct. 31, 2017 Sheet 5 of 10 US 9,806,083 B2

LY
o
'\._l'.L
et E '
"|1' '
L
-
S AN
- "
< e v i L
e n PO { l iIIR __I'-:
- - -"'Ill__r [ ;‘._;-".. "‘:_-"J-:J‘Fnr.l’dl:,!'.
4 Y + F T L - AL [ S E— » .._""li-'.li
" 5 F I 1 " FRT g _‘._‘_'l"ff!' L
. [N I_,"_‘r'l 1 ~ 1 PR LIS ..Ir?. ._.""I_-'q
- L ] F’r LB r = - - . - = - T - r _,-"' Sy ‘_J-
nan l']q-:'::..,. _f—i P * - LEREEY P ?‘, 4r, a
™ 2 -':'rl'.'j ..-iiq;' i m r v = LI T 4w ""__.-', -J"ll_.
LRI ¥ o A L) | [ ] oA e A "o - i
- .yf,ﬁw - ¥ s aTe S al e . - P \
- 4 J*- - _..I,,\hh.a. *.‘ .-L., "1- L ".‘Ip. 1 T a ll_l"pe-’.‘l- H'*.a ‘_\.I
-'.' .'l?;-l';-:’f:"{ﬂ I: = .1 s = 4 b1 £ a ‘ﬂ‘-‘tcr ¢
PO " s P s or R 2 .
= r L
™ . l'liﬂ"-i: v -‘-:*1-1- .. L T T Tl -rrq.".
_ - a o - a - - koo - o= :,;{‘J’ -I:_.'
L | LRI Lo
v E] '
m Oy I-l.,l':'.r,_' ] "".n-':.,“"l
- L SRT
5 -I'I"-I'Il'.‘; fi‘“ 'F_J 2
b et - qE
N W - J..l""_'r'_.; v
., ’r‘.r RN L ll'Ir:-’Ill.|q
P ‘g:’ oy

] 3
1 r . H d
= 3 ] LI U | y . F
: > M - -
|FT T’JF"" T .
GoAi RO B
w0 .
1 r & J----..r{'l N N n [ )
. .I.l-_'d-'." _,-1.4":’ L -
) RN, S
_‘;.‘h_;- i a . A
. 1_1.1‘_1"' . ¥
o ‘_1, --41- ‘1_|

E ---d

el — - ==y

w! !*L::,*

SR

,.*':":
FIG. 5

500(3)
I

- 4 >
et v] “

.-1’,-" .
f..ﬂ P A ' o
_".J“_-l: = o A LIS

L “_" A '1-4 T

. -4 !

F l..l 5 _,:""l -

:|.f + 7 *:-l.ﬁ -

= - -

» .1‘:_: Il:-J iJ‘
r Lol -

¥

Ff_kfff‘; o Wl ek i

st e ol

om o
oo -
- . =
¢ !:::Ejh i:}
ot
e = ;
-I"|.-.|..
] .HH
- - A
L hed e
L 1 -
d
- -
]
¥ -
u -

"I r.‘_q -
-
o -:-'r""{:"* ’
'H-'i.":ﬁ‘ i BN v
F a J'f.l-"h
' ~
.¢:-_1_" F"F"*i

L0

a
.r:a-: _,‘.'
1
-~ -I-'..:ll +
P,
PRI

B U T



U.S. Patent Oct. 31, 2017 Sheet 6 of 10 US 9,806,083 B2

<t > 0
- > e
foe? o3 _—
< £l il

.....

i

L
L
b ik ke bk o

400

: 1 ‘
| ]
L rem off

A

Ll - il
jl I :I
1 .
| '3
1 g
1 )
1 i
i'.h'-— - wr o
i'L e Jor s g
| ¥
! '
1| ;
; DO
=1 ) O
Yo 4 LL
|
l
|
i
|
r:' i
1 P
| |
" -
_y_T
-
b
i !
)
R
.
i ¢
o
[ r o
|
L
§1
!
|
!
P i
............ i
:
}
l
i
;
|
|
YT T T T T T T T
= o g -
- o D -
o) AP Y £



U.S. Patent

400

Oct. 31, 2017

~~300(2)
300(4)

RN

INK
1T, &
b :L'b:b'

Tl RN T’ @l B B SN, Bl ] ] "l
¥ x; ’
L] I I I I I I I I I I

o

300(
300(3

_ l

i

l

I

N e :

i Ny
F ™ o
R . ._F =
. s ‘:'.r
/ J.l. ¢ . F.‘ L
. ...'IF *

S
I

)

I_I"
. .
.

Sy

Sheet 7 of 10

(6)

~300
~-300(8)

. bk Gudiuk bl iy gl

i

Y

3 o™ "-.:L\-|
L ] ] | F ] ] | ] HE

1

.,
L -
- -
o2 L
o) )

7.__J

US 9,806,083 B2

FIG. 7



U.S. Patent

400

Oct. 31, 2017
S
- -
£ L

B
| |
! |
; |
! |
| |
; |
| |
i i

Waingity  piiyiyd

800(1)

Sheet 8 of 10

* . g
Fa
PR

(6)

US 9,806,083 B2

FIG. 8



U.S. Patent Oct. 31, 2017 Sheet 9 of 10 US 9,806,083 B2

/ 300

DISPOSE A PLURALITY OF TRACKS (308(1)-308(12)) 902
EMPLOYED IN A FIRST METAL LAYER

DISPOSE A WRITE WORDLINE (302) -904

EMPLOYED IN A SECOND METAL LAYER

e e e o o e e e e e e e g gy iyl vyplegy pigipipingpieg uping e o e bk e e e

" DISPOSE A FIRST READ WORDLINE (304)
EMPLOYED IN A THIRD METAL LAYER

900

i

DISPOSE A SECOND READ WORDLINE (306) 908
EMPLOYED IN A FOURTH METAL LAYER

iy

910
DISPOSE EACH FIRST READ WORDLINE LANDING PAD (312(1))
ON A CORRESPONDING TRACK (308(1))
DISPOSE EACH SECOND READ WORDLINE LANDING PAD (314(1))
ON A CORRESPONDING TRACK (308(1))
914

DISPOSE EACH WRITE WORDLINE LANDING PAD {316(1), 316(2)}
ON A CORRESPONDING TRACK (308(5), 303(8))

FIG. 9



0F "OlId

| ((N)201-0v20L)
| SLINN ASOWN

(zZ01)
WHOMLIN

US 9,806,083 B2

(0101)

3 TH0HINOD
AHOW AN

- (8101)

3 (SIgouhC (S5vaa S RENATY (Z401)

— 1Nd1n0 1NdNI HIOMLIN N3LSAS AJONII

2 _

e

79 s — -

SNE WILSAS

= H %E\

- _ (0201)

i (500L) _ (SIH3TI0UINCD

g (S40883008d [~ _AViasid
(2004) (SINdD -

(SIAVIdSIC ISiHOSS3I0d |
ooor —

U.S. Patent



US 9,806,083 B2

1

STATIC RANDOM ACCESS MEMORY
(SRAM) BIT CELLS WITH WORDLINES ON
SEPARATE METAL LAYERS FOR
INCREASED PERFORMANCE, AND
RELATED METHODS

BACKGROUND

I. Field of the Disclosure

The technology of the disclosure relates generally to static
random access memory (SRAM) bit cells, and particularly
to the physical design of SRAM bit cells.

II. Background

Processor-based computer systems include memory for
data storage. Diflerent types of memory exist, each possess-
ing certain umque features. For example, static random
access memory (SRAM) 1s a type of memory that can be
employed 1n processor-based computer systems. SRAM can
store data without the need to periodically refresh the
memory, unlike dynamic random access memory (DRAM)
for example. An SRAM contains a plurality of SRAM bt
cells (also referred to as “bit cells”) organized 1n rows and
columns 1n an SRAM data array. For any given row 1n an
SRAM data array, each column of the SRAM data array
includes an SRAM bit cell 1n which a single data value or bit
1s stored. Access to a desired SRAM bit cell row 1s con-
trolled by wordlines corresponding to read and write opera-
tions. Read wordlines provide access for reading a bit stored
in an SRAM bait cell via corresponding read ports. Further,
write wordlines provide access for writing a bit to an SRAM
bit cell via corresponding write ports.

In this regard, an SRAM bit cell may be designed with
multiple ports for reading and writing a bit associated with
the SRAM bit cell. As a non-limiting example, FIG. 1
illustrates a circuit diagram of a commonly used three-port
SRAM bit cell 100 that includes a first read wordline 102,
a second read wordline 104, and a write wordline 106. In this
manner, the three-port SRAM bit cell 100 1s configured to be
read via a first read port 108 and a second read port 110, and
written to via a write port 112. Further, the three-port SRAM
bit cell 100 1s configured to store a single bit within two (2)
inverters 114, 116, wherein the inverters 114, 116 are cross-
coupled to retain an electrical charge representing the data
value of the bit.

With continuing reference to FI1G. 1, to read the three-port
SRAM bit cell 100 via the first read port 108, a first read
bitline 118 1s pre-charged to a logical ‘1’ value, and the first
read wordline 102 1s configured to activate a first read access
transistor 120. In this manner, 11 the stored bit has a logical
‘1’ value, the inverters 114, 116 are configured to provide a
logical ‘0" value to a first read access transistor 122. The
logical ‘0’ value does not activate the first read access
transistor 122, thus preserving the logical *1” value on the
first read bitline 118. Conversely, if the stored bit has a
logical ‘0’ value, the mnverters 114, 116 are configured to
provide a logical ‘1’ value to the first read access transistor
122. The logical ‘1’ value activates the first read access
transistor 122, thus providing a logical ‘0’ value to the first
read bitline 118 via a ground voltage source 124. The second
read wordline 104, a second read bitline 126, second read
access transistors 128, 130, and the ground voltage source
124 are configured in a similar manner to perform reads via
the second read port 110.

With continuing reference to FIG. 1, to write a bit to the
three-port SRAM bit cell 100 via the write port 112, the
write wordline 106 1s configured to activate two (2) write
access transistors 132, 134. A value to be written to the
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2

three-port SRAM bit cell 100 1s provided by a write bitline
136, while a complementary value 1s provided by a comple-

mentary write bitline 138. Thus, to write a logical °1” value,
the write wordline 106 activates the write access transistors
132, 134, and the write bitline 136 provides a logical 1’
value while the complementary write bitline 138 provides a
logical ‘0’ value. Such a configuration of logical values
causes the inverters 114, 116 to store a logical ‘1’ value.
Conversely, to write a logical ‘0’ value, the write wordline
106 activates the write access transistors 132, 134, and the
write bitline 136 and the complementary write bitline 138
provide a logical ‘0’ value and a logical ‘1’ value, respec-
tively. In this manner, the three-port SRAM bit cell 100 may
be accessed for independent read operations using the first
read wordline 102 and the second read wordline 104, and
accessed for a write operation using the write wordline 106.

While the circuit design of the three-port SRAM bit cell
100 1n FIG. 1 provides the functionality described above, the
physical design may be a source of performance limitations.
Notably, as the gate length of the first read access transistors
120, 122, the second read access transistors 128, 130, the
write access transistors 132, 134, and transistors associated
with the inverters 114, 116 continues to decrease to fourteen
(14) nanometers (nm) and below, design rules associated
with certain fabrication techniques, such as self-aligned-
double-patterning (SADP), require that particular metal lev-
¢ls have a umidirectional orientation. However, designing the
three-port SRAM bit cell 100 to conform to such design
rules may increase the complexity of the corresponding
physical design. An increase 1n the complexity of the physi-
cal design commonly results 1n reducing the width of the
first and second read wordlines 102, 104 and the width of the
write wordline 106. As the width of the first and second read
wordlines 102, 104 and the write wordline 106 decreases,
the resistance of each wordline 102, 104, 106 increases. An
increase in the resistance of the first and second read
wordlines 102, 104 and the write wordline 106 increases the
access time of each wordline 102, 104, 106, thus reducing
the performance of the three-port SRAM bit cell 100.
Theretfore, 1t would be advantageous to design a three-port
SRAM bit cell with a physical design that conforms to
design rules while having wordlines with decreased resis-
tance, thus increasing the performance of the three-port

SRAM bit cell.

SUMMARY OF THE DISCLOSURE

Aspects disclosed 1n the detailed description include static
random access memory (SRAM) bit cells with wordlines on
separate metal layers for increased performance. Related
methods are also disclosed. In one aspect, an SRAM bit cell
1s disclosed that employs a write wordline 1n a second metal
layer, a first read wordline in a third metal layer different
from the second metal layer, and a second read wordline 1n
a fourth metal layer different from the second and third metal
layers. By employing the write wordline and the first and
second read wordlines 1n separate metal layers, the write
wordline and the first and second read wordlines may each
be designed to conform to design rules while having an
increased width. Such an increased width corresponds to a
decreased resistance of each corresponding wordline, which
decreases each corresponding access time, thus increasing
performance of the SRAM bit cell.

To employ the write wordline and the first and second
read wordlines 1n separate metal layers, the SRAM bit cell
also employs multiple tracks 1n a first metal layer. To couple
the first read wordline to the tracks so as to couple to
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transistors 1n the SR AM bit cell, landing pads corresponding,
to the first read wordline are disposed on corresponding
tracks. Similarly, to couple the second read wordline to the
tracks, landing pads corresponding to the second read word-
line are disposed on corresponding tracks. Further, landing
pads corresponding to the write wordline are also placed on
corresponding tracks.

In this regard 1n one aspect, an SRAM bit cell 1s disclosed.
The SRAM bit cell comprises a plurality of tracks employed
in a first metal layer. The SRAM bit cell further comprises
a write wordline employed 1n a second metal layer. The
SRAM bit cell further comprises a first read wordline
employed 1n a third metal layer. The SRAM bit cell further
comprises a second read wordline employed 1n a fourth
metal layer. The SRAM bit cell further comprises each first
read wordline landing pad of a plurality of first read word-
line landing pads disposed on a corresponding track of the
plurality of tracks. The SRAM bit cell further comprises
cach second read wordline landing pad of a plurality of
second read wordline landing pads disposed on a corre-
sponding track of the plurality of tracks. The SRAM bit cell
turther comprises each write wordline landing pad of a
plurality of write wordline landing pads disposed on a
corresponding track of the plurality of tracks.

In another aspect, an SRAM b1t cell 1s disclosed. The
SRAM bit cell comprises a means for disposing a plurality
of tracks employed 1n a first metal layer. The SRAM bit cell
turther comprises a means for disposing a write wordline
employed in a second metal layer. The SRAM bit cell further
comprises a means for disposing a first read wordline
employed 1n a third metal layer. The SRAM bait cell further
comprises a means for disposing a second read wordline
employed 1n a fourth metal layer. The SRAM bit cell further
comprises a means for disposing each first read wordline
landing pad of a plurality of first read wordline landing pads
on a corresponding track of the plurality of tracks. The
SRAM bit cell further comprises a means for disposing each
second read wordline landing pad of a plurality of second
read wordline landing pads on a corresponding track of the
plurality of tracks. The SRAM bit cell further comprises a
means for disposing each write wordline landing pad of a
plurality of write wordline landing pads on a corresponding
track of the plurality of tracks.

In another aspect, a method of fabricating an SRAM bit
cell 1s disclosed. The method comprises disposing a plurality
of tracks employed 1n a first metal layer. The method further
comprises disposing a write wordline employed 1n a second
metal layer. The method further comprises disposing a first
read wordline employed 1n a third metal layer. The method
turther comprises disposing a second read wordline
employed 1 a fourth metal layer. The method further
comprises disposing each first read wordline landing pad of
a plurality of first read wordline landing pads on a corre-
sponding track of the plurality of tracks. The method further
comprises disposing each second read wordline landing pad
of a plurality of second read wordline landing pads on a
corresponding track of the plurality of tracks. The method
turther comprises disposing each write wordline landing pad
of a plurality of write wordline landing pads on a corre-
sponding track of the plurality of tracks.

In another aspect, an SRAM 1s disclosed. The SRAM

comprises an SRAM array comprising a plurality of SRAM
bit cells. Each SRAM bait cell of the plurality of SRAM bit

cells comprises a plurality of tracks employed in a first metal
layer. Each SRAM bit cell of the plurality of SRAM bit cells
turther comprises a write wordline employed 1n a second

metal layer. Each SRAM bit cell of the plurality of SRAM
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bit cells further comprises a first read wordline employed in
a third metal layer. Each SRAM bit cell of the plurality of
SRAM bit cells further comprises a second read wordline
employed 1n a fourth metal layer. Each SRAM bit cell of the
plurality of SRAM bait cells further comprises each first read
wordline landing pad of a plurality of first read wordline
landing pads disposed on a corresponding track of the
plurality of tracks. Each SRAM bit cell of the plurality of
SRAM bit cells further comprises each second read wordline
landing pad of a plurality of second read wordline landing
pads disposed on a corresponding track of the plurality of
tracks. Each SRAM bit cell of the plurality of SRAM bit
cells further comprises each write wordline landing pad of a
plurality of write wordline landing pads disposed on a
corresponding track of the plurality of tracks.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a circuit diagram of an exemplary three-port
static random access memory (SRAM) bit cell employing a
write wordline and two (2) read wordlines;

FIG. 2 1s a physical layout diagram illustrating a first
metal layer and a second metal layer of an exemplary
three-port SRAM bit cell employing a write wordline and
two (2) read wordlines, wherein the write wordline 1s
multidirectional;

FIG. 3 1s a cross-sectional diagram of an exemplary
SRAM bit cell employing a write wordline and two (2) read
wordlines, wherein tracks are designed to allow unidirec-
tional wordlines on separate metal layers to increase a width
of such wordlines, thereby decreasing resistance and
increasing performance;

FIG. 4 1s a physical layout diagram illustrating a metal
one (1) (M1) layer and a metal two (2) (M2) layer of the
SRAM bit cell in FIG. 3;

FIG. § 1s a physical layout diagram illustrating the M2
metal layer and a metal three (3) (M3) layer of the SRAM
bit cell 1n FIG. 3;

FIG. 6 1s a physical layout diagram illustrating the M3
metal layer and a metal four (4) (M4) layer of the SRAM bit
cell in FIG. 3;

FIG. 7 1s a physical layout diagram 1llustrating the M4
metal layer and a metal five (5) (M3J) layer of the SRAM bit
cell in FIG. 3;

FIG. 8 1s a physical layout diagram illustrating the M3
metal layer and a metal six (6) (M6) layer of the SRAM bit
cell in FIG. 3;

FIG. 9 15 a flowchart illustrating an exemplary process for
tabricating the SRAM bit cell in FIG. 3, wherein tracks are
designed to allow unidirectional read and write wordlines on
separate metal layers to increase a width of such wordlines,
thereby decreasing resistance and increasing performance;
and

FIG. 10 1s a block diagram of an exemplary processor-

based system that can include the SRAM bit cell in FIG. 3.

DETAILED DESCRIPTION

With reference now to the drawing figures, several exem-
plary aspects of the present disclosure are described. The
word “exemplary” 1s used herein to mean “serving as an
example, instance, or illustration.” Any aspect described
herein as “exemplary” i1s not necessarily to be construed as
preferred or advantageous over other aspects.

Aspects disclosed 1n the detailed description include static
random access memory (SRAM) bit cells with wordlines on
separate metal layers for increased performance. Related
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methods are also disclosed. In one aspect, an SRAM bit cell
1s disclosed that employs a write wordline 1n a second metal
layer, a first read wordline in a third metal layer different
from the second metal layer, and a second read wordline 1n
a fourth metal layer different from the second and third metal
layers. By employing the write wordline and the first and
second read wordlines 1n separate metal layers, the write
wordline and the first and second read wordlines may each
be designed to conform to design rules while having and
increased width. Such an increased width corresponds to a
decreased resistance of each corresponding wordline, which
decreases each corresponding access time, thus increasing
performance of the SRAM bit cell.

To employ the write wordline and the first and second
read wordlines 1n separate metal layers, the SRAM bit cell
also employs multiple tracks 1n a first metal layer. To couple
the first read wordline to the tracks so as to couple to
transistors 1n the SRAM bit cell, landing pads corresponding,
to the first read wordline are disposed on corresponding
tracks. Similarly, to couple the second read wordline to the
tracks, landing pads corresponding to the second read word-
line are disposed on corresponding tracks. Further, landing
pads corresponding to the write wordline are also placed on
corresponding tracks.

Before discussing specific details of SRAM bit cells
employing wordlines on separate metal layers starting at
FIG. 3, design rules and design complexity are (first
described. In this regard, FIG. 2 illustrates an SRAM array
200 that includes three-port SRAM bit cells 202(1)-202(4).
The three-port SRAM bit cell 202(1) 1s now described
herein, while the three-port SRAM bit cells 202(2)-202(4)
are understood to include similar features as the three-port
SRAM bit cell 202(1). The three-port SRAM bit cell 202(1)

includes a write wordline 204, a first read wordline 206, and
a second read wordline 208. The write wordline 204 1is
employed 1n a metal two (2) (M2) layer, while the first read
wordline 206 and the second read wordline 208 are
employed 1n a metal three (3) (M3) layer. Notably, 1n this
example, the M3 metal layer 1s vertically adjacent to the M2
metal layer. As used herein, vertically adjacent refers to a
metal layer (MA) disposed above a top side of another metal
layer (MB), wherein MA 1s vertically adjacent to MB 1f MA
1s either disposed directly on the top side of MB, or if MA
1s disposed above the top side of MB with additional metal
layers disposed between MA and MB.

With continuing reference to FIG. 2, the write wordline
204 1s designed with a multidirectional orientation. Such a
multidirectional orientation allows the write wordline 204 to
be disposed in both a horizontal and vertical direction,
wherein the write wordline 204 changes direction in the
three-port SRAM bit cell 202(1) at a corresponding turn 210
(also referred to as a “j0g”). However, design rules associ-
ated with certain fabrication techmiques require that particu-
lar metal levels have a unidirectional orientation. As a
non-limiting example, such design rules are required when
employing the fabrication techmque of self-aligned-double-
patterning (SADP) with transistors having a gate length of
less than or equal to fourteen (14) nanometers (nm). Design-
ing the three-port SRAM bit cell 202(1) to conform to such
design rules may increase the complexity of the physical
design. As a non-limiting example, conforming to such
design rules may increase the design complexity by elimi-
nating the use of turns similar to the turn 210. Eliminating,
such turns may require the wordlines to be designed with a
higher density, thus reducing the width of the write wordline
204 and the first and second read wordlines 206, 208. Such

a reduction mm width corresponds to an increase in the
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resistance, and thus an increase 1n access time, of the write
wordline 204 and the first and second read wordlines 206,
208. Therefore, 1t would be advantageous to design an
SRAM bit cell with a physical design that conforms to
design rules while having wordlines with decreased resis-
tance as compared to the wordlines 204, 206, 208 of the

three-port SRAM bit cell 202(1). Such a decrease in resis-
tance would result 1n a decrease 1n the access time of each
wordline, thus increasing the performance of the SRAM bit
cell.

In this regard, FIG. 3 1llustrates a cross-sectional diagram
of an exemplary SRAM bait cell 300(1) employing a write

wordline 302, a first read wordline 304, and a second read
wordline 306. Because the SRAM bit cell 300(1) employs

the write wordline 302 and the first and second read word-
lines 304, 306, 1t may be referred to as a three-port SRAM
bit cell 300(1). The SRAM bit cell 300(1) includes tracks
308(1)-308(12) designed to allow the write wordline 302
and the first and second read wordlines 304, 306 to be
independently employed on separate metal layers 1n a uni-
directional orientation. Designing the write wordline 302
and the first and second read wordlines 304, 306 in this
manner may increase the width of the wordlines 302, 304,
306, as compared to employing the write wordline 302 and
the first and second read wordlines 304, 306 in non-separate
metal layers, similar to the three-port SRAM bait cell 202(1)
in FIG. 2. As a non-limiting example, disposing the write
wordline 302 and the first and second read wordlines 304,
306 on separate metal layers may allow the wordlines 302,
304, 306 to be designed with a lower density, thus increasing
the width of the write wordline 302 and the first and second
read wordlines 304, 306. Such increased widths correspond
to a decreased resistance associated with the write wordline
302 and the first and second read wordlines 304, 306. A
decreased resistance of the write wordline 302 and the first
and second read wordlines 304, 306 corresponds to a
reduced access time for each wordline, thus increasing
performance of the SRAM bit cell 300(1).

With continuing reference to FIG. 3, 1n this aspect, the
SRAM bait cell 300(1) employs the write wordline 302 1n a
second metal layer, wherein the second metal layer 1s a metal
two (2) (M2) layer. Further, the first read wordline 304 1s
employed 1n a third metal layer different than the second
metal layer, wherein the third metal layer 1s a metal four (4)
(M4) layer. Additionally, the second read wordline 306 1s
employed in a fourth metal layer, wherein the fourth metal
layer 1s a metal six (6) (M6) layer. Notably, the M6 metal
layer 1s vertically adjacent to the M4 metal layer, which 1s
vertically adjacent to the M2 metal layer 1n this aspect. By
employing the write wordline 302 and the first and second
read wordlines 304, 306 in the M2, M4, and M6 metal
layers, respectively, the write wordline 302 and the first and
second read wordlines 304, 306 may each be designed to
conform to design rules requiring a unidirectional orienta-
tion. As previously described, employing the write wordline
302 and the first and second read wordlines 304, 306 may
allow for designing each wordline 302, 304, 306 with a
lower density, thus increasing the width of each wordline
302, 304, 306. Such an increased width corresponds to a
decreased resistance of the write wordline 302 and the first

and second read wordlines 304, 306, as compared to corre-
sponding resistances in the three-port SRAM 202(1) in FIG.

2. A decrease 1n resistance decreases an access time of the

write wordline 302 and the first and second read wordlines
304, 306, and thus increases performance of the SRAM bt

cell 300(1).
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With continuing reference to FIG. 3, to employ the write
wordline 302 and the first and second read wordlines 304,

306 independently in the M2, M4, and M6 metal layers,
respectively, the SRAM bit cell 300(1) also employs the
tracks 308(1)-308(12). The tracks 308(1)-308(12) are

employed 1n a first metal layer, wherein the first metal layer
1s a metal one (1) (M1) layer disposed on a base layer 310
in this aspect. Further, 1n this aspect, the tracks 308(1)-308
(12) are configured to couple to transistors (not shown) in
the base layer 310 by way of corresponding contacts (not
shown). As a non-limiting example, the tracks 308(1)-308
(12) may be configured to couple to front-end-of-line tran-
sistors 1n the base layer 310 using middle-of-line contacts. In
this manner, the base layer 310 employs polysilicon needed

to form the transistors of the SRAM bit cell 300(1), such as
the front-end-of-line transistors. Notably, the M6, M4, and
M2 metal layers are vertically adjacent to the M1 metal layer

in this aspect. Additionally, the SRAM bit cell 300(1)

employs vias configured to couple each respective metal
layer to an adjacent metal layer. In this manner, Via five (Via

5) 1s configured to couple the M6 metal layer to a metal five
(5) (M5) layer, Via four (Via 4) 1s configured to couple the
M35 metal layer to the M4 metal layer, Via three (Via 3) 1s
configured to couple the M4 metal layer to the M3 metal
layer, and Via two (Via 2) 1s configured to couple the M3
metal layer to the M2 metal layer.

With continuing reference to FIG. 3, to couple the first
read wordline 304 to the track 308(1) so as to communicate
with transistors 1 the SRAM bit cell 300(1), first read
wordline landing pads 312 (also referred to herein as “land-
ing pads 312”) corresponding to the first read wordline 304
are disposed on the corresponding tracks 308(1)-308(12). In
this aspect, such landing pads 312 and the corresponding
tracks 308(1)-308(12) are disposed on a boundary edge of
the SRAM bit cell 300(1). Similarly, to couple the second
read wordline 306 to the base layer 310, second read
wordline landing pads 314 (also referred to herein as “land-
ing pads 314”) corresponding to the second read wordline
306 are disposed on the corresponding tracks 308(1)-308
(12). In this aspect, such landing pads 314 are also disposed
on the boundary edge of the SRAM bait cell 300(1). Further,
write wordline landing pads 316 (also referred to herein as
“landing pads 316”") corresponding to the write wordline 302
are also placed on the corresponding tracks 308(1)-308(12),
but such landing pads 316 are disposed within each bound-
ary edge of the SRAM bit cell 300(1) 1n this aspect. Notably,
while this aspect includes the landing pads 312, 314, 316
disposed on or within the boundary edges of the SRAM bt
cell 300(1), respectively, other aspects may include the
landing pads 312, 314, 316 disposed 1n alternative locations
with respect to the boundary edges of the SRAM bit cell
300(1).

In this regard, FIG. 4 illustrates the M1 metal layer and
the M2 metal laver of an SRAM array 400 that includes
SRAM bit cells 300(1)-300(8), wherein the SRAM bit cells
300(2)-300(8) are similar to the SRAM bait cell 300(1) 1n
FIG. 3. Notably, although the SRAM bait cells 300(1)-300(8)
are demarcated with dashed lines for clanty, respective
boundary edges 402 represent the actual edges of the SRAM
bit cells 300(1)-300(8). In this manner, boundary edges
402(1)-402(4) represent the actual edges of the SRAM bit
cell 300(1). Details of the SRAM bit cell 300(1) are now
described herein, while 1t 1s understood that the SRAM bt
cells 300(2)-300(8) include similar features as the SR AM bt
cell 300(1). In this aspect, the SRAM bit cell 300(1) includes
twelve (12) tracks 308(1)-308(12) in the M1 metal layer.
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Notably, the SRAM bit cell 300(2) includes twelve (12)
tracks 308(13)-308(24). The track 308(1) includes the land-
ing pad 312(1) that 1s configured to couple the track 308(1)
to the M2 metal layer. In this aspect, the track 308(1) and the
landing pad 312(1) are disposed on a boundary edge 402(1)
of the SRAM bit cell 300(1). As described in more detail
below, coupling the track 308(1) to the M2 metal layer using
the landing pad 312(1) provides a portion of a path that
couples the first read wordline 304 to the track 308(1) to
communicate with the transistors of the SRAM bit cell
300(1). Further, 1n this aspect, because the tracks 308(1)-
308(12) corresponding to the first read wordline landing

pads 312 are disposed on a boundary edge 402(2) of the
SRAM bit cell 300(1), the first read wordline 304 of the

SRAM bit cell 300(1) shares a landing pad 312(2) disposed
on the track 308(13) with the SRAM bit cell 300(2).

With continuing reference to FIG. 4, the track 308(1) also
includes the landing pad 314(1) that 1s configured to couple
the track 308(1) to the M2 metal layer. Because the landing
pad 314(1) 1s disposed on the track 308(1), the landing pad
314(1) 1s disposed on the boundary edge 402(1) of the
SRAM bit cell 300(1) similar to the landing pad 312(1) 1n
this aspect. As described 1n more detail below, coupling the
track 308(1) to the M2 metal layer using the landing pad
314(1) provides a portion of a path that couples the second
read wordline 306 to the track 308(1) to communicate with
the transistors of the SRAM bit cell 300(1). Further, the
second read wordline 306 of the SRAM bit cell 300(1)
shares a landing pad 314(2) disposed on the track 308(13)
with the SRAM bit cell 300(2).

With continuing reference to FIG. 4, the tracks 308(5),
308(9) include the landing pads 316(1), 316(2), respectively.
The landing pads 316(1), 316(2) are configured to couple the
tracks 308(5), 308(9) to the write wordline 302 1n the M2
metal layer, respectively. In this aspect, the tracks 308(3),
308(9) and the landing pads 316(1), 316(2) are disposed
within each boundary edge 402(1)-402(4) of the SRAM bit
cell 300(1). Coupling the tracks 308(35), 308(9) to the write
wordline 302 in the M2 metal layer using the landing pads
316(1), 316(2) provides a path that couples the write word-
line 302 to the track 308(1) to communicate with the
transistors of the SRAM bait cell 300(1).

With continuing reference to FIG. 4, in addition to the
write wordline 302 and the first and second read wordlines
304, 306, the tracks 308(1)-308(12) are configured to sup-
port other elements employed by the SRAM bit cell 300(1).
In this manner, the tracks 308(2), 308(12) support first and
second read bitlines associated with the first and second read
wordlines 304, 306. The tracks 308(3), 308(11) are config-
ured to support a global read bitline associated with the first
and second read wordlines 304, 306. Further, the track
308(7) 1s configured to support a high voltage source line
(e.g., VDD) for the SRAM bit cell 300(1), while the track
308(4) 1s configured to support a low voltage source line
(e.g., VSS). The tracks 308(6), 308(8) are configured to
support write bitlines associated with the write wordline
302. By employing the tracks 308(1)-308(12) and the land-
ing pads 312(1)-312(2), 314(1)-314(2), and 316(1)-316(2)
as described herein, the M1 metal layer and the M2 metal
layer of the SRAM bit cell 300(1) may be fabricated using
the self-aligned-double-patterning (SADP) technique.

To complete remaining portions of the paths coupling the
first read wordline 304 and the second read wordline 306 to
the landing pads 312, 314, respectively, additional metal

layers and interconnects are provided 1in the SRAM bit cell
300(1). In thus regard, FIG. 3 illustrates the M2 metal layer

and a metal three (3) (M3) layer of the SRAM array 400 1n
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FIG. 4. Notably, in this aspect, the M3 metal layer 1is
vertically adjacent to the M2 metal layer. Further, intercon-
nects 500(1)-500(3) are disposed on the M2 metal layer so
as to couple the M2 metal layer to the M3 metal layer. Using
the mterconnect 500(1) to couple the M2 metal layer to the
M3 metal layer provides a portion of the path that couples
the first read wordline 304 to the track 308(1) to commu-
nicate with the transistors of the SRAM bit cell 300(1).
Similarly, using the mterconnects 500(2), 500(3) to couple
the M2 metal layer to the M3 metal layer provides a portion
of the path that couples the second read wordline 306 to the
track 308(1) to communicate with the transistors of the
SRAM bit cell 300(1).

Additionally, FIG. 6 illustrates the M3 metal layer and the
M4 metal layer of the SRAM array 400 1n FIG. 4. In this
aspect, interconnects 600(1), 600(2) are disposed on the M3
metal layer so as to couple the M3 metal layer to the M4
metal layer, wherein the M4 metal layer 1s vertically adja-
cent to the M3 metal layer. Notably, using the interconnect
600(1) to couple the M3 metal layer to the M4 metal layer
completes the path that couples the first read wordline 304
to the track 308(1) to communicate with the transistors of the
SRAM bit cell 300(1). In other words, because the first read
wordline 304 1s employed 1n the M4 metal layer 1n this
aspect, the interconnect 600(1) couples the M3 metal layer
and the first read wordline 304. Further, using the intercon-
nect 600(2) to couple the M3 metal layer to the M4 metal
layer provides a portion of the path that couples the second
read wordline 306 to the track 308(1) to communicate with
the transistors of the SRAM bit cell 300(1), as the second
read wordline 306 1s employed 1n the M6 metal layer in this
aspect.

Additionally, FIG. 7 illustrates the M4 metal layer and a
metal five (3) (M3J) layer of the SRAM array 400 1n FIG. 4,
wherein the M35 metal layer 1s vertically adjacent to the M4
metal layer. In this aspect, an interconnect 700(1) 1s disposed
on the M4 metal layer so as to couple the M4 metal layer to
the M35 metal layer. Notably, using the interconnect 700(1)
to couple the M4 metal layer to the M35 metal layer provides
a portion of the path that couples the second read wordline
306 to the track 308(1) to communicate with the transistors
of the SRAM bit cell 300(1).

Additionally, FIG. 8 illustrates the M5 metal layer and the
M6 metal layer of the SRAM array 400 in FIG. 4, wherein
the M6 metal layer 1s vertically adjacent to the M5 metal
layer. In this aspect, an interconnect 800(1) 1s disposed on
the M3 metal layer so as to couple the M35 metal layer to the
M6 metal layer. Notably, using the interconnect 800(1) to
couple the M35 metal layer to the M6 metal layer completes
the path that couples the second read wordline 306 to the
track 308(1) to communicate with the transistors of the
SRAM bit cell 300(1). In other words, because the second
read wordline 306 1s employed 1n the M6 metal layer in this
aspect, the iterconnect 800(1) couples the M5 metal layer
and the second read wordline 306.

In this regard, FIGS. 4-8 illustrate that the write wordline
302 and the first and second read wordlines 304, 306 1n the
SRAM bit cell 300(1) are employed 1n the M2, M4, and M6
metal layers, respectively. Thus, the write wordline 302 and
the first and second read wordlines 304, 306 may each be
designed to conform to design rules requiring a unidirec-
tional orientation while having an increased width, as com-
pared to a corresponding width of the write wordline 302
and the first and second read wordlines 304, 306 not
employed in separate metal layers. An increased width
corresponds to a decreased resistance of the write wordline

302 and the first and second read wordlines 304, 306. Such
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a decreased resistance decreases an access time of the write
wordline 302 and the first and second read wordlines 304,
306, and thus increases performance of the SRAM bait cell
300(1).

In this regard, FIG. 9 illustrates an exemplary process 900
employed to fabricate the SRAM bit cell 300(1) in FIG. 3.
The process 900 includes disposing the plurality of tracks
308(1)-308(12) employed 1n a first metal layer (block 902).
In this aspect, the tracks 308(1)-308(12) are employed 1n the
M1 metal layer, and disposed on a base layer 310 so that the
tracks 308(1)-308(12) are coupled to ftransistors in the
SRAM bit cell 300(1). To employ the write wordline 302,
the process 900 includes disposing the write wordline 302
employed 1n a second metal layer (block 904). The write
wordline 302 1s employed in the M2 metal layer in this
aspect, wherein the M2 metal layer 1s vertically adjacent to
the M1 metal layer. To employ the first read wordline 304,
the process 900 includes disposing the first read wordhne
304 employed 1n a third metal layer (block 906). The first
read wordline 304 1s employed in the M4 metal layer 1n this
aspect, wherein the M4 metal layer 1s vertically adjacent to
the M3 metal layer, which 1s vertically adjacent to the M2
metal layer. Further, to employ the second read wordline
306, the process 900 includes disposing the second read
wordline 306 employed 1n a fourth metal layer (block 908).
In this aspect, the second read wordline 306 1s employed 1n
the M6 metal layer, wherein the M6 metal layer 1s vertically
adjacent to the M5 metal layer, which 1s vertically adjacent
to the M4 metal layer.

With continuing reference to FIG. 9, to employ the write
wordline 302 and the first and second read wordlines 304,
306 1n separate metal layers as described above, the process
900 provides for coupling the write wordline 302 and the
first and second read wordlines 304, 306 to the tracks
308(1)-308(12). In this manner, the process 900 includes
disposing each first read wordline landing pad 312(1) on a
corresponding track 308(1) (block 910). In this aspect, each
first read wordline landing pad 312(1) and corresponding
track 308(1) 1s disposed on the boundary edge 402(1) of the
SRAM bit cell 300(1). Further, the process 900 includes
disposing each second read wordline landing pad 314(1) on
a corresponding track 308(1) (block 912). In this aspect,
cach second read wordline landing pad 314(1) and corre-
sponding track 308(1) 1s disposed on the boundary edge
402(1) of the SRAM bait cell 300(1). Further, the process 900
includes disposing each write wordline landing pad 316(1),
316(2) on a corresponding track 308(5), 308(8) (block 914).
In this aspect, each write wordline landing pad 316(1),
316(2) and corresponding track 308(5), 308(8) 1s disposed
within each boundary edge 402(1)-402(4) of the SRAM bit
cell 300(1). In other words, the tracks 308(1)-308(12) and
the landing pads 312(1), 314(1) and 316(1), 316(2) are
disposed 1n a way so as to allow the write wordline 302 and
the first and second read wordlines 304, 306 to be disposed
on separate metal layers in a unidirectional orientation.
Thus, the process 900 enables the write wordline 302 and the
first and second read wordlines 304, 306 to be designed to
conform to design rules requiring a unidirectional orienta-
tion while having an increased width, as compared to a
corresponding width of the write wordline 302 and the first
and second read wordlines 304, 306 not employed 1n sepa-
rate metal layers. An increased width corresponds to a
decreased resistance of the write wordline 302 and the first
and second read wordlines 304, 306. Such a decrease 1n

resistance decreases an access time of the write wordline
302 and the first and second read wordlines 304, 306, and

thus increases performance of the SRAM bit cell 300(1).
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The SRAM bit cells with wordlines on separate metal
layers for increased performance according to aspects dis-
closed herein may be provided in or integrated into any
processor-based device. Examples, without limitation,
include a set top box, an entertainment unit, a navigation
device, a communications device, a fixed location data unut,
a mobile location data umit, a mobile phone, a cellular phone,
a computer, a portable computer, a desktop computer, a
personal digital assistant (PDA), a monitor, a computer
monitor, a television, a tuner, a radio, a satellite radio, a
music player, a digital music player, a portable music player,
a digital video player, a video player, a digital video disc
(DVD) player, and a portable digital video player.

In this regard, FIG. 10 illustrates an example of a pro-
cessor-based system 1000 that can employ the SRAM bt
cell 300(1) illustrated 1n FIG. 3 1 an exemplary SRAM. In
this example, the processor-based system 1000 includes one
or more central processing units (CPUs) 1002, each includ-
ing one or more processors 1004. The CPU(s) 1002 may be
a master device. The CPU(s) 1002 may have cache memory
1006 coupled to the processor(s) 1004 for rapid access to
temporarily stored data. The CPU(s) 1002 1s coupled to a
system bus 1008 and can intercouple master and slave
devices included in the processor-based system 1000. As 1s
well known, the CPU(s) 1002 communicates with these
other devices by exchanging address, control, and data
information over the system bus 1008. For example, the
CPU(s) 1002 can communicate bus transaction requests to a
memory controller 1010 as an example of a slave device.
Although not illustrated in FIG. 10, multiple system buses
1008 could be provided, wherein each system bus 1008
constitutes a different fabric.

Other master and slave devices can be connected to the
system bus 1008. As illustrated 1n FIG. 10, these devices can
include a memory system 1012, one or more input devices
1014, one or more output devices 1016, one or more network
interface devices 1018, or one or more display controllers
1020, as examples. The mput device(s) 1014 can include any
type of mput device, including but not limited to input keys,
switches, voice processors, etc. The output device(s) 1016
can include any type of output device, mncluding but not
limited to audio, video, other visual indicators, etc. The
network interface device(s) 1018 can be any device config-
ured to allow exchange of data to and from a network 1022.
The network 1022 can be any type of network, including but
not limited to a wired or wireless network, a private or public
network, a local area network (LAN), a wide local area
network (WLAN), and the Internet. The network interface
device(s) 1018 can be configured to support any type of
communications protocol desired. The memory system 1012
can include one or more memory units 1024(1)-1024(N).

The CPU(s) 1002 may also be configured to access the
display controller(s) 1020 over the system bus 1008 to
control information sent to one or more displays 1026. The
display controller(s) 1020 sends information to the
display(s) 1026 to be displayed via one or more video
processors 1028, which process the mnformation to be dis-
played into a format suitable for the display(s) 1026. The
display(s) 1026 can include any type of display, including
but not limited to a cathode ray tube (CRT), a liquid crystal
display (LCD), a plasma display, efc.

Those of skill 1n the art will further appreciate that the
various 1llustrative logical blocks, modules, circuits, and
algorithms described in connection with the aspects dis-
closed herein may be implemented as electronic hardware,
instructions stored 1 memory or in another computer-
readable medium and executed by a processor or other
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processing device, or combinations of both. The master and
slave devices described herein may be employed 1n any
circuit, hardware component, integrated circuit (IC), or IC
chip, as examples. Memory disclosed herein may be any
type and size of memory and may be configured to store any
type of information desired. To clearly illustrate this inter-
changeability, various illustrative components, blocks, mod-
ules, circuits, and steps have been described above generally
in terms of theiwr functionality. How such functionality is
implemented depends upon the particular application,
design choices, and/or design constraints imposed on the
overall system. Skilled artisans may 1mplement the
described functionality in varying ways for each particular
application, but such implementation decisions should not
be mterpreted as causing a departure from the scope of the
present disclosure.

The wvarious illustrative logical blocks, modules, and
circuits described 1n connection with the aspects disclosed
herein may be implemented or performed with a processor,
a Digital Signal Processor (DSP), an Application Specific
Integrated Circuit (ASIC), a Field Programmable Gate Array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions described
herein. A processor may be a microprocessor, but in the
alternative, the processor may be any conventional proces-
sor, controller, microcontroller, or state machine. A proces-
sor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor,
a plurality of microprocessors, one or more miCroprocessors
in conjunction with a DSP core, or any other such configu-
ration.

The aspects disclosed herein may be embodied 1n hard-
ware and 1n 1nstructions that are stored 1n hardware, and may
reside, for example, in Random Access Memory (RAM),
flash memory, Read Only Memory (ROM), Electrically
Programmable ROM (EPROM), Electrically Erasable Pro-

grammable ROM (EEPROM), registers, a hard disk, a

removable disk, a CD-ROM, or any other form of computer
readable medium known 1n the art. An exemplary storage

medium 1s coupled to the processor such that the processor
can read information from, and write information to, the
storage medium. In the alternative, the storage medium may
be integral to the processor. The processor and the storage
medium may reside 1 an ASIC. The ASIC may reside 1n a
remote station. In the alternative, the processor and the
storage medium may reside as discrete components 1n a
remote station, base station, or server.

It 1s also noted that the operational steps described in any
of the exemplary aspects herein are described to provide
examples and discussion. The operations described may be
performed 1n numerous different sequences other than the
illustrated sequences. Furthermore, operations described 1n a
single operational step may actually be performed in a
number of different steps. Additionally, one or more opera-
tional steps discussed in the exemplary aspects may be
combined. It 1s to be understood that the operational steps
illustrated 1n the flow chart diagrams may be subject to
numerous different modifications as will be readily apparent
to one of skill in the art. Those of skill in the art will also
understand that information and signals may be represented
using any ol a variety of diflerent technologies and tech-
niques. For example, data, instructions, commands, infor-
mation, signals, bits, symbols, and chips that may be refer-
enced throughout the above description may be represented
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by voltages, currents, electromagnetic waves, magnetic
fields or particles, optical fields or particles, or any combi-
nation thereof.

The previous description of the disclosure 1s provided to
cnable any person skilled 1n the art to make or use the
disclosure. Various modifications to the disclosure will be
readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other variations
without departing from the spirit or scope of the disclosure.
Thus, the disclosure 1s not intended to be limited to the
examples and designs described herein, but 1s to be accorded
the widest scope consistent with the principles and novel
teatures disclosed herein.

What 1s claimed 1s:

1. A static random access memory (SRAM) bit cell

comprising;

a plurality of tracks employed 1n a first metal layer;

a write wordline employed 1n a second metal layer
different from the first metal layer;

a first read wordline employed 1n a third metal layer
different from the first metal layer and the second metal
layer;

a second read wordline employed 1n a fourth metal layer
different from the first metal layer, the second metal
layer, and the third metal layer;

cach first read wordline landing pad of a plurality of first
read wordline landing pads disposed on a correspond-
ing track of the plurality of tracks, wherein:
cach first read wordline landing pad 1s physically and

directly coupled to the corresponding track; and
cach first read wordline landing pad electrically couples
the first read wordline and the corresponding track;
cach second read wordline landing pad of a plurality of

second read wordline landing pads disposed on a

corresponding track of the plurality of tracks, wherein:

cach second read wordline landing pad 1s physically
and directly coupled to the corresponding track; and
cach second read wordline landing pad electrically
couples the second read wordline and the corre-
sponding track; and
cach write wordline landing pad of a plurality of write
wordline landing pads disposed on a corresponding
track of the plurality of tracks, wherein:

cach write wordline landing pad i1s physically and
directly coupled to the corresponding track; and

cach write wordline landing pad electrically couples the
write wordline and the corresponding track.

2. The SRAM bait cell of claim 1, wherein:

cach first read wordline landing pad and corresponding
track 1s disposed on a boundary edge of the SRAM bit
cell;

cach second read wordline landing pad and corresponding
track 1s disposed on the boundary edge of the SRAM bit
cell; and

cach write wordline landing pad and corresponding track
1s disposed within each boundary edge of the SRAM bit
cell.

3. The SRAM bit cell of claim 1, wherein:

the plurality of tracks compnses twelve (12) tracks; and

the first metal layer comprises a metal one (1) (M1) layer

4. The SRAM bit cell of claim 1, wherein the second

metal layer comprises a metal two (2) (M2) layer.

5. The SRAM bit cell of claim 1, wherein the third metal

layer comprises a metal four (4) (M4) layer.
6. The SRAM bit cell of claim 1, wherein the fourth metal

layer comprises a metal six (6) (M6) layer.
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7. The SRAM bit cell of claim 1, wherein the plurality of
tracks and the write wordline are disposed using seli-
aligned-double-patterning (SADP).

8. The SRAM bit cell of claam 1, wherein the write
wordline comprises a unidirectional write wordline.

9. The SRAM bait cell of claim 1, wherein the first read

wordline comprises a unidirectional first read wordline.

10. The SRAM bat cell of claim 1, wherein the second
read wordline comprises a unidirectional second read word-
line.

11. The SRAM bit cell of claim 1, wherein one (1) track
of the plurality of tracks comprises a high voltage source
line.

12. The SRAM bit cell of claim 1 integrated into an
integrated circuit (IC).

13. The SRAM bit cell of claim 1 integrated into a device
selected from the group consisting of: a set top box; an
entertainment unit; a navigation device; a communications
device; a fixed location data unit; a mobile location data unait;
a mobile phone; a cellular phone; a computer; a portable
computer; a desktop computer; a personal digital assistant
(PDA); a monitor; a computer monitor; a television; a tuner;
a radio; a satellite radio; a music player; a digital music
player; a portable music player; a digital video player; a
video player; a digital video disc (DVD) player; and a
portable digital video player.

14. A static random access memory (SRAM) bit cell
comprising;

a means for disposing a plurality of tracks employed 1n a

first metal layer;

a means for disposing a write wordline employed 1n a
second metal layer different from the first metal layer;

a means for disposing a first read wordline employed 1n a
third metal layer different from the first metal layer and
the second metal layer;

a means for disposing a second read wordline employed
in a fourth metal layer different from the first metal
layer, the second metal layer, and the third metal layer;

a means for disposing each first read wordline landing pad
of a plurality of first read wordline landing pads on a
corresponding track of the plurality of tracks, wherein:
cach first read wordline landing pad 1s physically and

directly coupled to the corresponding track; and
cach first read wordline landing pad electrically couples
the first read wordline and the corresponding track;
a means for disposing each second read wordline landing
pad of a plurality of second read wordline landing pads
on a corresponding track of the plurality of tracks,
wherein:

cach second read wordline landing pad 1s physically
and directly coupled to the corresponding track; and

cach second read wordline landing pad electrically
couples the second read wordline and the corre-
sponding track; and

a means for disposing each write wordline landing pad of

a plurality of write wordline landing pads on a corre-

sponding track of the plurality of tracks, wherein:

cach write wordline landing pad i1s physically and
directly coupled to the corresponding track; and

cach write wordline landing pad electrically couples the
write wordline and the corresponding track.
15. The SRAM bait cell of claim 14, wherein:
cach first read wordline landing pad and corresponding
track 1s disposed on a boundary edge of the SRAM bt
cell;
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cach second read wordline landing pad and corresponding,
track 1s disposed on the boundary edge of the SRAM bit
cell; and
cach write wordline landing pad and corresponding track
1s disposed within each boundary edge of the SRAM bit
cell.
16. A method of fabricating a static random access
memory (SRAM) bit cell comprising:
disposing a plurality of tracks employed 1n a first metal
layer;
disposing a write wordline employed 1n a second metal
layer different from the first metal layer;
disposing a first read wordline employed 1n a third metal
layer different from the first metal layer and the second
metal layer;
disposing a second read wordline employed 1n a fourth
metal layer different from the first metal layer, the
second metal layer, and the third metal layer;
disposing each first read wordline landing pad of a
plurality of first read wordline landing pads on a
corresponding track of the plurality of tracks, wherein:
cach first read wordline landing pad 1s physically and
directly coupled to the corresponding track; and
cach first read wordline landing pad electrically couples
the first read wordline and the corresponding track;
disposing each second read wordline landing pad of a
plurality of second read wordline landing pads on a
corresponding track of the plurality of tracks, wherein:
cach second read wordline landing pad 1s physically
and directly coupled to the corresponding track; and
cach second read wordline landing pad electrically
couples the second read wordline and the corre-
sponding track; and
disposing each write wordline landing pad of a plurality
of write wordline landing pads on a corresponding
track of the plurality of tracks, wherein:
cach write wordline landing pad i1s physically and
directly coupled to the corresponding track; and
cach write wordline landing pad electrically couples the
write wordline and the corresponding track.
17. The method of claim 16, wherein:
disposing each first read wordline landing pad comprises
disposing each first read wordline landing pad and
corresponding track on a boundary edge of the SRAM
bit cell;
disposing each second read wordline landing pad com-

prises disposing each second read wordline landing pad
and corresponding track on the boundary edge of the
SRAM bait cell; and

disposing each write wordline landing pad comprises
disposing each write wordline landing pad and corre-
sponding track within each boundary edge of the
SRAM bait cell.

18. The method of claim 16, wherein disposing the
plurality of tracks comprises disposing twelve (12) tracks
employed 1n a metal one (1) (M1) layer.

19. The method of claim 16, wherein disposing the write
wordline comprises disposing the write wordline employed
in a metal two (2) (M2) layer.

20. The method of claim 16, wherein disposing the first
read wordline comprises disposing the first read wordline
employed 1n a metal four (4) (M4) layer.

21. The method of claim 16, wherein disposing the second
read wordline comprises disposing the second read wordline
employed 1n a metal six (6) (M6) layer.

10

15

20

25

30

35

40

45

50

55

60

65

16

22. The method of claim 16, wherein:

disposing the write wordline comprises disposing the

write wordline using seli-aligned-double-patterming

(SADP); and

disposing the plurality of tracks comprises disposing the

plurality of tracks using seli-aligned-double-patterning

(SADP).

23. The method of claim 16, wherein disposing the write
wordline comprises disposing the write wordline 1 a uni-
directional orientation.

24. The method of claim 16, wherein disposing the first
read wordline comprises disposing the first read wordline 1n
a unidirectional orientation.

25. The method of claim 16, wherein disposing the second
read wordline comprises disposing the second read wordline
in a unidirectional orientation.

26. The method of claim 16, wherein disposing the
plurality of tracks comprises disposing one (1) track of the
plurality of tracks corresponding to a high voltage source
line.

277. A static random access memory (SRAM), comprising:

an SRAM array, comprising a plurality of SRAM bit cells;

cach SRAM bit cell of the plurality of SRAM bit cells
COMprises:
a plurality of tracks employed in a first metal layer;
a write wordline employed 1n a second metal layer
different from the first metal layer;
a first read wordline employed 1n a third metal layer
different from the first metal layer and the second
metal layer;
a second read wordline employed 1in a fourth metal
layer different from the first metal layer, the second
metal layer, and the third metal layer;
cach first read wordline landing pad of a plurality of
first read wordline landing pads disposed on a cor-
responding track of the plurality of tracks, wherein:
cach first read wordline landing pad 1s physically and
directly coupled to the corresponding track; and

cach first read wordline landing pad electrically
couples the first read wordline and the correspond-
ing track;

cach second read wordline landing pad of a plurality of
second read wordline landing pads disposed on a

corresponding track of the plurality of tracks,
wherein:
cach second read wordline landing pad 1s physically
and directly coupled to the corresponding track;
and
cach second read wordline landing pad electrically
couples the second read wordline and the corre-
sponding track; and
cach write wordline landing pad of a plurality of write
wordline landing pads disposed on a corresponding
track of the plurality of tracks wherein:
cach write wordline landing pad 1s physically and
directly coupled to the corresponding track; and
cach write wordline landing pad electrically couples
the write wordline and the corresponding track.
28. The SRAM of claim 27, wherein:
cach first read wordline landing pad and corresponding
track 1s disposed on a boundary edge of the SRAM bt
cell;
cach second read wordline landing pad and corresponding,
track 1s disposed on the boundary edge of the SRAM bit
cell; and
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cach write wordline landing pad and corresponding track
1s disposed within each boundary edge of the SRAM bit
cell.
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